The lesser mouse lemur, a small prosimian primate, exhibits seasonal rhythms strictly controlled by photoperiodic variations. Exposure to day lengths shorter than 12 h results in complete sexual rest, fattening, lethargy, and reduced behavioral activities; whereas exposure to day lengths greater than 12 h induces sexual activity, an increase in behavioral activities, and high hormonal levels. The objective of this study was to test whether long-term acceleration of seasonal rhythms may affect survival and longevity of this primate. In captivity, acceleration of seasonal rhythms was obtained by exposing the animals to an accelerated photoperiodic regimen consisting of 5 months of long photoperiod followed by 3 months of short photoperiod. The age-specific survival rate in animals exposed from birth to accelerated photoperiodic conditions (n = 89) was compared to the age-specific survival rate of animals maintained under a natural photoperiod (n = 68). Independent of sexes, the mean life span (45.5 & p l u s m n ; 2.1 months) and maximal survival (79.3 & p l u s m n ; 3.3 months) were significantly (p < .01) shortened in mouse lemurs exposed to the accelerated photoperiodic cycle compared to those in animals living under annual photoperiod (63.2 & p l u s m n ; 2.5 and 98 & p l u s m n ; 3.9 months for mean life span and maximal survival, respectively). This reduction of about 30% of life span was not accompanied by a desynchronization of biological rhythms under photoperiodic control and was not related to an increase in reproduction or in duration of time spent in active conditions. However, when the number of seasonal cycles experienced by 1 individual is considered rather than chronological age, the mean life span was 5 seasonal cycles and maximum survival reached 9-10 cycles, independent of sex or of photoperiodic regimen. These results suggest that in mouse lemurs, as in other seasonal mammals, longevity may depend on the expression of a fixed number of seasonal cycles rather than on a fixed biological age.
INTRODUCTION
Most circadian and circannual rhythms in mammals are synchronized by cyclic changes in the environment of which the light is the most reliable and predictable (24-h light-dark cycle or annual cycle of photoperiod), and many reports have provided evidence for the changes in the properties of behavioral and physiological rhythms during aging (Brock, 1991; Touitou and Haus, 1994) .
It is generally accepted that aging influences temporal organization for nearly all physiological (heart JOURNAL OF BIOLOGICAL RHYTHMS, Vol. 12 No. 2, April 1997 136-145 @ 1997 Sage Publications, Inc. rate, sleep, body temperature, etc.) and endocrinological (hormones, neurotransmitters, etc.) rhythms entrained by the 24-h light-dark cycle. Age-related alterations mainly consist in decreased amplitudes or acrophase shifts and uncoupling of different rhythms leading to the &dquo;desynchronization syndrome.&dquo; This internal desynchronization with aging, well documented in rodents and humans (Aschoff, 1989; Montanini et al., 1988; Touitou and Haus, 1994; Turek, 1985 Turek, , 1993 , has been attributed to a progressive decline in the ability of the circadian pacemakers to respond to light-dark entrainment. In mammals, circadian rhythms are generated and controlled by the hypothalamic suprachiasmatic nuclei (SCN) . Consistent with their role in circadian processes (Moore, 1983; Rusak and Zucker, 1979) , the SCN are involved in the control of seasonal rhythms through circadian modulation of hormones such as melatonin (Hastings et al., 1985; Rusak, 1989; Zucker et al., 1983) . Moreover, marked seasonal variations in SCN neuropeptides and morphology are found (Hofman et al., 1993; Hofman and Swaab, 1992) . Although few data are available, agerelated changes in seasonal rhythms driven by the annual photoperiodic cycle similarly consist of changes in amplitude and acrophase (Brock, 1991; Touitou et al., 1983a Touitou et al., , 1983b Touitou et al., , 1986 .
However, internal desynchronization may reflect the aging of the central circadian pacemaker through metabolic or neuropeptide alterations (Goudsmit et al., 1992; Hofman et al., 1988; Roozendall et al., 1987; Swaab et al., 1985) . Indeed, the SCN exhibit agerelated metabolic deficits and cellular loss, and in primates it recently has been demonstrated that longevity is positively correlated with the size of neural structures involved in the maintenance of homeostasis, especially the hypothalamus. A larger size may represent a greater capacity to sustain homeostasis over time and may thus lengthen the life span (Allman et al., 1993a (Allman et al., , 1993b , assuming that the aging of SCN would be primarily responsible for progressive alterations in the temporal organization of a wide range of biological rhythms within the organism that may explain physical or mental disorders observed during aging (Touitou and Haus, 1994; Van Cauter and Turek, 1986 ).
Conversely, induction of internal desynchronization by disturbances in daily cycles (shift work, jet lag, etc.) is believed to produce alterations in the ability of circadian pacemakers to respond to external entrainment (Aschoff, 1989; Reinberg et al., 1989) . Such disruptions of temporal organization may reduce individual fitness (Folkard et al., 1985; Sakellaris et al., 1975 ) and, moreover, may affect longevity (Halberg and Cadotte, 1975; Pittendrigh and Minis, 1972) . Although experimental changes in seasonal rhythms by exposure to nonannual photoperiodic regimens are used frequently in laboratory animals, no data are available on their possible effects on animal survival. Within primates, because most species inhabit tropical biotopes, effects of day length variations are underestimated and captive species often are exposed to inadequate photocycles. Likely to temporal desynchronization induced by daily shifts, a lack or inadequate regimen of seasonal variations also could induce functional disturbances in temporal homeostasis and thus affect life span.
The mouse lemur, a malagasy primate, is a very convenient species in which to test this hypothesis. Indeed, its potential longevity reaches 12-14 years, above what would be predicted from the small body weight (80 g). Moreover, this primate exhibits dramatic seasonal changes in sexual function, body weight, food intake, locomotor activity, social behaviors, and endocrine functions that have been demonstrated to be strictly dependent on the photoperiod (Perret, 1992; Petter-Rousseaux, 1980) . Mouse lemurs typically are long-day breeders; reproduction is restricted to day lengths longer than 12 h (LD), and is associated with ponderal loss and sustained activity of both behavioral and physiological functions. During short days (SD), both sexes are sexually quiescent and enter an inactive condition with fattening, reduced activities, and lethargy In mouse lemurs, the strict control by photoperiod of all biological rhythms known to date has permitted the acceleration of these physiological parameters using artificial photoperiodic cycles. The aim of this article is to test whether long-term acceleration of biological rhythms may affect survival and longevity in this primate.
MATERIALS AND METHODS
Mouse lemurs (Microcebus murinus, Cheirogaleidae) were kept in captivity at the Laboratory of General Ecology in Brunoy, France, where a breeding colony has been established from wild animals originating from southwest Madagascar 25 years ago. All studied animals (N = 157) were laboratory born, and maintained under constant conditions of ambient temperature (25°C) and humidity with food (fresh Figure 1 . Schematic representation of photoperiodic variations used in captivity: natural (annual) and artificial (accelerated) regimens. Births (arrows) always occurred during the long-day periods (day lengths > 12 h light/day). The first exposure to short days (day lengths < 12 h light/day [gray areas]) was designated as the beginning of the 1st seasonal cycle in both photoperiodic conditions. fruit, milky mixture, and insects) available ad libitum. Owing to the known effects of social influences on biological rhythms, animals were kept in a controlled social environment to avoid social stress. In this solitary nocturnal species, heterosexual groups leading to social competition were constituted only for a short period (6-8 weeks) during the breeding period. Except during that period, animals were kept isolated or in single-sex groups, ensuring an unstressful environment.
From birth to spontaneous death, animals were exposed to two different photoperiodic regimens (Fig. 1 ). The first was the natural photoperiodic variations of Paris (n = 68), that is, a 12-month cycle that includes a 6-month period of decreasing/increasing decreasing LD (summer and autumn). A natural lightdark cycle was ensured by room windows (day: 100-1000 lux; night: 0.003 lux [Ocean Optics photometer, PS 1000, from Dunedin USA]). At the latitude of Paris (48°N), the amplitude of photoperiodic changes reaches 8 h between solstices, whereas the amplitude of annual photoperiod in natural Malagasian habitat (20°S) is only 2 h 30 min. But the characteristics (amplitude/period) of seasonal behavioral and physiological rhythms of mouse lemurs were similar under both (Petter-Rousseaux, 1974 ).
The second regimen was an accelerated photoperiodic rhythm (n = 89) over 8 months consisting of a 3-month period of SD (8 h light/day) followed by a 5-month period of LD (14 h light/day). The light-dark cycle was ensured by cool fluorescent lamps during the day (250-380 lux) and red light during the night (20 JlW I cm2, equivalent to 0.002 lux). As it has been demonstrated in other photoperiod-dependent species, these light intensities were sufficient to induce appropriate seasonal responses (Arendt and Ravault, 1988) . This asymmetrical photoperiodic schedule with abrupt changes in day lengths between SD and LD has been chosen to cope with the requirements of mouse lemur biology Indeed, as in other seaonal breeders, seasonal rhythmicity in mouse lemurs is achieved through different responses to regulatory cues provided by day length: direct drive by day length (LD stimulation/SD inhibition) during the first 14-20 weeks of exposure and thereafter development of photorefractory state, during which animals are un-Figure 2. Age-specific survival curves of male and female mouse lemurs exposed to annual or accelerated photoperiodic regimens. The age at 50% survival point (arrows) significantly differed between the two populations (p < .01). able to respond positively to direct drive and spontaneously enter the reverse condition without change in day length (Perret and Schilling, 1993) . The acceleration from an annual cycle to an 8-month cycle was ensured mainly by suppression of the refractory period to SD, that is, a period corresponding to the transition between resting and active conditions occurring in late winter under natural photocycle (Perret, 1992) . Moreover, this artificial schedule fulfilled the conditions for a full breeding season and resulted in highly synchronous biological rhythms among individuals without changes in amplitude compared to the annual cycle (Perret, 1992; Perret and Predine, 1984) .
For each animal, one seasonal cycle includes one SD and one LD period, the lst cycle beginning when the weaned animal enters the first SD period. In annual photoperiodic conditions, the number of seasonal cycles experienced by 1 animal corresponds to the biological age of the animal, whereas the number of seasonal cycles progressively differs from the biological age in accelerated photoperiodic conditions (Fig. 1 ). In both photoperiodic regimens, births were restricted to the LD period and occurred synchronously. Two to three birth peaks could occur under annual photoperiodic variations, whereas only two peaks are possible under accelerated photoperiodic cycle. However, owing to the duration of the high maternal investment of female mouse lemurs (4 months dating from the seasonal estrous occurrence until the end of lactation), each female was allowed to give birth only one time per LD period.
Throughout their lives, animals were routinely examined for cyclic changes in body weight and reproductive states (at least twice a month). Spontaneous deaths were recorded in relation to the animals' ages expressed in months and to the number of seasonal cycles. To provide a more accurate definition of the number and phase of the seasonal cycle at an animal's death, each seasonal cycle was divided into 12 parts (6 months SD + 6 months LD) or 8 parts (3 months SD + 5 months LD) for annual or accelerated photoperiodic conditions, respectively.
Statistical Analysis
Comparisons of age-specific survival within sexes or within photoperiodic rhythms were tested using the Kolmogorov-Smimov (K-S) test. To assert statistical differences in population distribution or interactions between several parameters, the G test was used. Means ± SEM were indicated, and differences were tested using analysis of variance (F). Finally, linear correlation was used to establish possible correlations between parameters.
RESULTS

Survival and Maximal Longevity Related to Chronological Age
To appreciate difference in survival of mouse lemurs reared under annual (n = 68) or accelerated (n = 89) photoperiod regimens, age-specific survival curves were established for males and females without including neonatal or preweaning mortality (Fig. 2 ).
Curve profiles for survival were similar in both photoperiodic cycles, but mouse lemurs exposed to an accelerated photoperiodic regimen exhibited a signifi- Table 1 . Values for mean life span and maximum survival (in months) for mouse lemurs according to the photoperiodic condition to which they have been exposed during their lives. NOTE: In both males and females reared under accelerated photocycle, significant decreases in mean values and age at 50% survival (*p < .01) were found compared to values from animals reared under annual cycle. cant advanced shift compared to those reared under natural photoperiod (males: K-S = 6.8, df = 2, p < .01; females: K-S = 13.3, ~f= 2, P < .01; G = 25.5, ~= 5, p < .001). Consequently, their mean life span was significantly reduced (F = 29.5, p < .01) ( Table 1) . Under accelerated photoperiodic conditions, both males and females died on average 18 months earlier than did animals exposed to the natural photoperiod, corresponding to a reduction of about 30% of their life span. These results were independent of sex, and no significant differences in age-specific survival or in mean life span were evident between sexes exposed to the same photoperiodic regimen.
The age when the population entered its phase of senescence is considered to be the point when a vectorial change is observed on survival curves. The 50% survival is generally used to delineate the adult and aged portions of the population. In mouse lemurs, the 50% survival point varied according to photoperiodic cycles; it occurred at about 60 months (i.e., 5 years) of age for annual cycle-exposed individuals (Table 1) , whereas this point was attained 1.5 years earlier in accelerated cycle-exposed animals. Similarly, maximal ages recorded from the 5 oldest males and females in both photoperiodic regimens differed significantly (p < .01) (Table 1) . Although it is generally accepted that males exhibit a shorter life span than do females, the oldest mouse lemur in each captive population was a male (122 and 101 months for annual cycle and accelerated photoperiod, respectively).
Survival and Maximal Longevity Related to Seasonal Cycles
When the number of seasonal cycles experienced by 1 individual was considered rather than chrono- logical age, no significant differences were observed in age-specific survival curves either between sexes (K-S = 1.5, df = 2, n.s. for both males and females) or within photoperiodic condition (K-S = 3.1, df = 2; G = 8.5, df = 5, n.s.) (Fig. 3) . Similarly, the mean life span expressed as the mean number of seasonal cycles was 5 cycles independent of sex and photoperiod (F = 0.7, n.s.). Life span was approximately similar to the calculated 50% survival from the curves (Table 2) . Under natural photoperiod, the mean number of seasonal cycles corresponded to the mean age of survival even though a small shift can occur in relation to the variability of birthdate (from 1 to 4 months before the beginning of the 1st cycle). By contrast, the mean number of seasonal cycles for accelerated animals did not represent their actual chronological age. Even though accelerated animals were younger when their 5th seasonal cycle occurred, they exhibited morphological signs of aging similar to those of the 5-year-old animals reared under annual photoperiod. These include especially the whiteness of the fur around the eyes and the progressive flattening of the snout. Independent of photoperiod, the oldest males experienced the same maximal number of 9 seasonal cycles. By contrast, the oldest females exhibited more numerous seasonal cycles (p < .05) when exposed to accelerated photoperiod compared to females exposed to the annual photoperiod.
In both photoperiodic conditions, a significant effect of age appeared that concerns the period during which the animals died-SD or LD period of the sea- Table 2 . Values for mean life span and maximal survival expressed by the number of seasonal cycles for mouse lemurs according to the photocycle to which they have been exposed during their lives. NOTE: No significant differences were recorded except for the maximal life span exhibited by females reared under accelerated photoperiodic conditions (*p < .05) compared to values from females reared under annual cycle. sonal cycle. Indeed, for animals exposed to annual variations of the photoperiod and independent of sex, deaths occurred significantly more during the SD period before the 5th seasonal cycle and more during the LD period thereafter (G = 11.6, df = 4, p < .01). Under the accelerated photoperiod cycle, owing to the fact that the duration of SD and LD periods was not symmetrical (3 months/5 months), most animals died under the LD period (G = 9.9, df = 1, p < .01). However, before the 5th seasonal cycle, the proportion of animals dying in LD did not differ from the theoretical distribution according to the asymmetrical photocycle (63.0% observed vs. 62.5% theoretical). By contrast, the proportion significantly increased to reach 85.5% in individuals surviving after the 5th cycle, a value significantly different from the expected proportion (G = 5.34, df =1, p < .05). Thus, independent of photoperiod, animals entering old age (i.e., after the 5th seasonal cycle), died mainly during the long-day period that corresponded to the period of high seasonal activity.
Photoperiodic Changes and Expressions of Biological Rhythms
Because the accelerated photoperiod regimen was not symmetrical for LD/SD proportion compared to the annual cycle, a longer time spent under LD exposure (i.e., in active conditions) could account for earlier mortality in accelerated animals or for changes in the expression of biological cycles. The reduction in life span observed in accelerated animals was not related to an increase in the mean time spent under LD exposure that was not significantly different between the two populations (28.3 ± 1.3 and 26.1 ± 1.3 months for annual cycle-and accelerated cycle-reared animals, respectively). No differences within photoperiodic conditions were observed in age-specific survival curves expressed as a function of the duration of LD exposure (K-S = 1.2, df = 2, n.s.). By contrast, the mean time spent under SD exposure was highly reduced in animals exposed to the asymmetrical photoperiod (mean 16.8 ± 0.7 months vs. 31.4 ± 1.2 months under natural conditions, p < .001), and the shorter time spent in inactive conditions might have effects in the expression of biological rhythms. To test this hypothesis, two parameters highly dependent on photoperiod were analyzed: body weight variations and reproduction.
Body weight variations. In mouse lemurs, exposure to short days leads to a high gain in body mass, whereas exposure to long days has the reverse effect. For all animals surviving after the 25% survival point in natural (n = 16) and accelerated (n = 19) photoperiodic conditions, maximal body weight under SD periods and minimal body weight under LD periods were analyzed and expressed as a percentage of the individual mean life body weight. In both photoperiodic regimens, cyclic variations in body weight were maintained through life without consistent differences in amplitude between males and females (Fig. 4) . Similarly, the mean amplitude of body weight variations between the SD and LD periods was not significantly different between the two populations: 38.0 ± 1.8% and 42.3 ± 1.8% (n = 8 seasonal cycles) for annual and accelerated photoperiodic conditions, respectively, despite the shorter SD period for accelerated cyclereared animals. However, the mean body weight of animals reared under the annual photoperiod was significantly (p < .01) higher than that of animals exposed to the accelerated photoperiodic cycle: 107.5 ± 3.3 g (n = 16) and 94.9 ± 2.1 g (n = 19), respectively. Finally, the general feature of cyclic variations is highly similar, and in both photoperiodic rhythms the amplitude of body weight variations went through a maximum on the 4th seasonal cycle and then regularly decreased thereafter until the final seasonal cycle (r = -.945 and r = -.954 for annual and accelerated rhythms, respectively, p < .01).
Reproductive function. Reproductive function (physiological and behavioral components) in mouse lemurs is strictly seasonal and restricted to the LD period. Both males and females remained sexually active during the LD period independent of age and photoperiodic cycles. Whatever their age or the sea- Figure 4 . Cyclic body weight changes (ISEM) in male and female mouse lemurs exposed to annual and accelerated photoperiodic regimens. Variations in body weight between short-day (black areas) and long-day periods are expressed as the percentage of individual mean life body weight. sonal cycle, males exibited fully developed testes with functional spermatogenesis and high testosterone concentrations during the LD period (Perret, 1992) . However, under the natural photoperiod, seasonal sexual activity of males started later in winter before the occurrence of long days by refractoriness to the inhibitory effects of short days (Perret and Schilling, 1993) , a state that did not occur in males reared under the accelerated photocycle, owing to the shorter SD period. By contrast, the time during which males remained in breeding conditions under LD exposure was independent of the photoperiodic regimen, with both photocycles allowing the presence of LD refractory states.
With regard to females, it is generally considered that high energy requirement for maternal investment could interact with life span. The reduction of maximal life span in females reared under the accelerated photoperiod could be due to differential reproductive investment. But female mouse lemurs did not exhibit sexual arrest with aging, and the oldest female was 105 months when it gave birth to healthy newborns. Consequently, the longer a female's life, the more newborns she produced, whatever the photoperiodic exposure (r = .589 [n = 33] and r = .627 [n = 48], p < .001 in the natural and accelerated photoperiods, respectively). Finally, no significant differences were seen between females exposed to different photoperiods in the mean numbers of both parturitions and young produced through life (Table 3) . Table 3 . Reproductive characteristics of females according to the photocycle to which they have been exposed during their lives.
DISCUSSION
The breeding colony of mouse lemurs, established more than 25 years ago, provides a good opportunity to determine age-related survival in both sexes and to test the influence of environmental parameters on longevity. In this prosimian, the maximum observed life span previously has been reported as reaching 12-14 years from large colonies (Ceska et al., 1992; Petter and Petter-Rousseaux, 1966 ) with a record of 15.4 years from an unknown source (Harvey and Clutton-Brock, 1985) . In this study, the maximum recorded life span was 11 years, but the expected life span was 5-6 years, independent of sex. From survival curves, fewer than 10% of laboratory-bom animals were still alive after 8 years. Moreover, 8to 10-yearold mouse lemurs are generally considered to be entering the senescent phase, which is accompanied by several changes in gross anatomy, behaviors, memory capabilities, and age-related pathologies such as Alzheimer's disease (Bons et al., 1994; Delacourte et al., 1995; Picq, 1992 Picq, ,1995 . The maximum longevity in mouse lemurs appears to be much greater than that predicted from their body weight or life history traits (Cutler, 1976; Harvey and Clutton-Brock, 1985; Ross, 1988) . In fact, studies on the evolution of longevity across primate species or on observed correlations between maximum life span and life history traits or anatomical parameters often refer to mixed data from different captive populations (Allman et al., 1993a; Austad and Fisher, 1992; Harvey and Clutton-Brock, 1985; Ross, 1988) ; in particular, data for mouse lemurs do not include changes linked to photoperiodic states.
Moreover, within primates, the difficulty in such studies relates to the limited number of individuals attaining old age and to the variability within species to adapt to captive conditions. Therefore, records could be underestimated or strongly dependent on the unknown effects of environmental factors (nutritional, social, physical, etc.) on survival. Although it has been clearly demonstrated that nutritional or so-cial conditions influence life span in primates including humans (Bouliere, 1982) , scarce data were available concerning physical environment. In humans, however, relationships between shifts in circadian periodicity and possible reduction in fitness or life span have been stressed (Aschoff, 1989; Folkard et al., 1985; Reinberg et al., 1989; Taylor and Pocock, 1972) . In mammals, very few experimental manipulations of day-night shifting have been done, and results obtained in mice provide conflicting results on the effects on survival (Brock, 1991; Halberg and Cadotte, 1975; Nelson and Halberg, 1986; Sakellaris et al., 1975) . Presently, there are no data available concerned with experimental changes of seasonal cycles and survival. Mouse lemurs exposed to an accelerated seasonal photoperiodic cycle presented a significant reduction in both maximum survival and mean life span compared to animals maintained under an annual cycle. All animals were kept in similar captive conditions, thereby excluding differences in nutritional or social parameters and indicating that the reduction of life span may result from photoperiodic acceleration of biological rhythms. It is generally believed that oscillators perform most effectively when they are driven close to their endogenous circadian frequency and that acceleration or delay would affect longevity Endogenous circannual rhythms have not yet been studied long term in mouse lemurs. But under constant light environment, mouse lemurs display a free-running circadian rhythm of about 22 h 30 min (Schilling and Serviere,1995) . Likewise, under constant day lengths, seasonal rhythms exhibit spontaneous periods less than 1 year and fit with annual photoperiod cues by the presence of refractory states (Perret and Schilling, 1993) . The exposure to an 8-month photoperiodic cycle modified only the duration of refractory states (reduction of photorefractory phase to LD and suppression of refractory phase to SD [Perret, 1992] ) and appeared to trigger biological rhyhms whitout important changes compared to natural seasonal rhythms. In this respect, the similarity of body weight changes in animals exposed to either accelerated or annual photoperiodic conditions provides evidence that responses to photoperiodic entrainment were maintained unchanged. It is likely that no significant differences were found for cyclic changes in reproductive activity or for reproductive efforts within females, suggesting that an increase in metabolic expenditures cannot account for earlier mortality in accelerated ani-mals. However, the shorter time spent in inactive conditions for these accelerated animals would have a negative effect on survival. Indeed, although longevity was not correlated with low metabolic rates or capacity to hibernate (Austad and Fisher, 1992), it has been postulated (&dquo;rate of living&dquo; theory) that an organism's life span would depend on a genetically determined metabolic potential and the rate at which that potential is expended. In this respect, because mouse lemurs exhibit low metabolic rates during the SD period, the drastic reduction of SD exposure for accelerated animals would shorten their life span through a more rapid expenditure of their metabolic potential. Finally, it must be noted that abrupt transitions in day lengths in artificial accelerated photoperiod versus gradual changes occurring in natural photoperiod may modify physiological responses to photoperiod, as has been demonstrated in some species (Gorman, 1995; Heideman and Bronson, 1993; O'Callaghan et al., 1992) .
Because life span expressed in terms of seasonal cycles appeared similar in both photoperiodic regimens, it may be hypothesized that acceleration of biological rhythms by reduction of their period without changes in their amplitude leads to an acceleration of aging processes. In both photoperiodic conditions, the 50% survival point occurred during the 5th seasonal cycle. After this 5th cycle, all animals exhibited similar morphological and physiological modifications : whiteness of the fur, decrease in amplitude of body weight changes, and increased probability of death under the LD period. This highest mortality during the LD period in mouse lemurs entering old age could be related to the difficulty of old animals in sustaining high physiological efforts under LD. It also could be explained by age-related changes in seasonal rhythms of lymphocyte functions (Der Goukassian, 1985) leading to a greater susceptibility to pathological agents, as has been suggested in mice (Brock, 1987) . Moreover, similar changes in circadian endogenous rhythm (Schilling and Serviere,1995) and pathological modifications of brain structures (Dhenain et al., 1995) were observed after the occurrence of the 5th seasonal cycle in both accelerated cycle-and natural cycleexposed animals. If the acceleration of photoperiodic cycles accelerates aging, then longevity may depend on the expression of a fixed number of seasonal cycles rather than on a fixed biological age. Although the study of other photoperiod-dependent seasonal rhythms is required to define in which way they are modified by accelerating the period, the strict control by photoperiod of mouse lemur physiological rhythms provides a very interesting opportunity to test several models for aging processes in primates.
